Autosomal dominant polycystic kidney disease (ADPKD) is the leading inheritable cause of end-stage renal disease (ESRD) and one of the leading causes of ESRD overall. ADPKD patients differ from the overall dialysis population; however, there is little published data regarding health care costs for ADPKD patients on dialysis. Methods: This retrospective observational cohort study was designed to quantify health care utilization and costs for ADPKD patients with ESRD who received initial services at a single large dialysis organization between January 1, 2007 and December 31, 2009. Parallel results and baseline patient characteristics for control patients with ESRD etiologies other than ADPKD were performed for reference. Dialysis-related utilization and health care costs for patients with ADPKD in ESRD overall and during time horizons that correspond to Medicare-eligibility benchmarks were analyzed. Baseline patient characteristics were described for all patients and included demographics, comorbid illnesses, and clinical characteristics. Dialysis-related utilization, hospitalization rates, and health care costs were considered longitudinally. Results: Total health care costs for ADPKD patients were high at US$51,048 per patient-year based on the overall analysis. Total health care costs were lower for ADPKD patients than for control patients on dialysis. Patients with ADPKD were generally younger, had a lower Charlson Comorbidity Index, and had lower rates of comorbid conditions, which may have contributed to the lower overall costs seen for patients with ADPKD. Conclusion: Health care resource utilization and costs for patients with ADPKD in ESRD requiring dialysis were high, and therapeutic interventions that can prevent or delay the progression to ESRD may increase dialysis-free life for patients with ADPKD.
Introduction
Autosomal dominant polycystic kidney disease (ADPKD) is the most common genetic kidney disease. [1] [2] [3] The prevalence of ADPKD was estimated to be approximately 1:400 to 1:1,000 in a 1983 landmark single-site US study. 4 ADPKD is the leading inheritable cause of end-stage renal disease (ESRD), as well as one of the leading causes of ESRD overall. 2, 5 Additionally, a larger proportion of patients with ADPKD progress to ESRD compared with those with other forms of chronic kidney disease (CKD). [6] [7] [8] Patients with ESRD have significant burdens of coexisting illnesses, conditions, and symptoms. 9, 10 Some patients, in particular those with CKD who typically have considerable comorbidities, choose to undergo conservative (non-dialysis) treatment. 9, 10 This article was published in the following Dove Press journal: ClinicoEconomics and Outcomes Research 6 January 2015 Number of times this article has been viewed submit your manuscript | www.dovepress.com
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In general, health care costs among dialysis patients are exceedingly high. US ESRD expenditures in 2011 were US$34.3 billion, accounting for 6.3% of the total Medicare budget. For perspective, patients with ESRD make up approximately 1% of Medicare beneficiaries. 11, 12 These costs relate both to the direct cost of dialysis treatments as well as to greater overall ESRD treatment-related health care utilization. Medicare costs for ESRD in 2011 were US$24.3 billion for hemodialysis (US$87,945 per person per year [PPPY] ) and US$1.5 billion for peritoneal dialysis (US$71,630 PPPY). 11 Despite the fact that ADPKD patients differ from the overall dialysis population in terms of age and prevalence of certain comorbidities, there are little published data regarding health care costs for ADPKD patients on dialysis. One study on the economic burden of ADPKD demonstrated an association between declining kidney function and increased health care costs, but did not investigate the specific costs involved in ESRD, including dialysis. 13 Information about dialysisrelated costs and the time course over which these costs are incurred are important factors that define the economic value of preventive therapy for ADPKD to insurers. Specifically, data on the time course over which ESRD-related costs are incurred, as they correspond to Medicare-eligibility benchmarks, help define the value of preventive therapy to the insurers who would assume these costs.
Insurance coverage for ESRD is complicated, especially with regard to Medicare eligibility. For most patients with pre-existing commercial insurance, the insurance typically provides coverage for the first 3 months of ESRD treatment, after which they enter a 'coordination of benefits period' when the commercial insurer serves as the primary payer and Medicare as the secondary payer.
14 By the start of the 30th month of treatment, nearly all patients transition to Medicare coverage for all dialysis services.
In this study, dialysis-related utilization and health care costs for patients with ADPKD in ESRD overall and during time horizons that correspond to Medicare-eligibility benchmarks were analyzed. As a point of reference, results and baseline patient characteristics for control patients with other ESRD etiologies were analyzed in parallel. 16 were excluded from both the ADPKD group and the control group. Controls were randomly sampled from patients with ESRD etiologies other than ADPKD at a 3:1 ratio to ADPKD patients. In order to elucidate differences between these patient groups, control patients were not matched to ADPKD patients.
Methods
Patient population and study design
study data
Baseline patient characteristics, including demographics, comorbid illnesses, Charlson Comorbidity Index, 15 and clinical characteristics, were abstracted from the LDO's Clinical Data Warehouse (CDW). Likewise, dialysis-related utilization data were abstracted from the LDO's CDW. Hospitalization data were abstracted from patients' EMRs, and health care cost data were taken from Medicare Claims data from the US Renal Data System standard analytical files. Part A costs were considered for patient-months in which the corresponding patient had Medicare Part A primary insurance (Medicare primary, Part A and Part B [MPAB], or Medicare primary, other [MPO] ), and these costs were taken from the Institutional Claims Standard Analytical File and paid costs. Part B costs were considered for patient-months in which the corresponding patient was enrolled in MPAB, and the corresponding costs were taken from the Physician/Supplier File and paid costs. Part D prescription drug costs were considered for patient-months in which the corresponding patient was enrolled in Medicare Part D. Paid amounts are not available, so total prescription drug costs were used representing the cost to the insurer and out-of-pocket costs to the patient. submit your manuscript | www.dovepress.com
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End-stage renal disease in aDPKD Cost data were only available among patients with Medicare as a primary payer, and therefore, in order to contextualize these costs and determine their potential for generalization to patients with other insurance types, comparisons were made between ADPKD and control patients for the demographic data, dialysis-related utilization, and hospitalization rates stratified by primary insurance type defined as 'Medicare' or 'Other'.
analysis
The primary purpose of this study was to quantify health care utilization and health care costs for ADPKD patients with ESRD, using controls to provide a point of reference. Given this, and the known systematic differences between ADKPD and other ESRD patients, formal statistical comparisons between groups were not made. Baseline patient characteristics were described for all ADPKD patients and all selected controls. Continuous variables were described by means, standard deviation (SD), medians, interquartile ranges (IQR), and minima and maxima ranges (range). Categorical variables are described as frequencies and proportions.
Dialysis-related utilization, hospitalization rates, and costs were considered longitudinally. Relative to the start of dialysis, each was considered for the time frames of months 0-2, months 3-29, months 30+, and overall (dialysis months 0+). These time periods roughly correspond with Medicare-eligibility benchmarks. Dialysis-related utilization and hospitalization rates were considered for all ADPKD patients and all selected controls. Costs were considered only for Medicare patients (as described under 'Study data').
The number of dialysis treatments per month was calculated for each patient in each month, and mean data were aggregated for the four time intervals. Data were summarized for patients with ADPKD and controls both across patient mean/SD and across patient median/IQR. Hospitalization rates (95% Poisson confidence intervals) were calculated by dividing the total number of hospital admissions by cumulative patient-time at risk and expressed as per 100 patientmonths at risk for the analytic cohort contrasting ADPKD patients and controls.
All costs were reported for the four time intervals based on payer perspective and were converted to fixed-year dollars using the Medical Care Services Consumer Price Index for inflation adjustment, 2010 base year. 16 The number of months for which the patient had the coverage was identified for each cost (Part A, Part B, or Part D) in each time period and the total costs were summed up. The costs were divided by the identified number of months to get that patient's per-person per-month (PPPM) cost. Rates were summarized across patient mean/SD and across patient median/IQR.
Results Demographics
This study consisted of 1,274 patients with ADPKD and 3,822 patients in the control group from an overall analytic cohort of 79,927 patients with ESRD ( Table 1) . The median follow-up was 17.1 months for the control group and 20.7 months for the ADPKD group; follow-up varied 
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Brunelli et al among patients due to withdrawal from analysis, transfer of dialysis organization, transplant, etc. Compared with the control group, patients with ADPKD were younger (55.7 vs 62.8 years) and were more likely to be female and Caucasian (48.0% vs 43.0% and 70.7% vs 49.6%, respectively). Additionally, patients with ADPKD were less likely than control patients to have diabetes, heart failure, coronary disease, or cerebrovascular disease, and had a lower Charlson Comorbidity Index (3.5 vs 5.1, respectively). There was no difference in post-dialysis weight between the groups, but patients with ADPKD had a lower mean body mass index (BMI; 27.5 vs 28.5 kg/m 2 ) compared with control patients. In terms of dialysis access, patients with ADPKD were less likely to have started dialysis using a central venous catheter (CVC) compared with control patients (52.3% vs 77.4%) and were more likely to have peritoneal dialysis as their first modality (12.2% vs 4.0%). Patients with ADPKD were also more likely to have a primary payer other than Medicare compared with control patients (67.0% vs 42.5%, respectively).
Dialysis-related utilization and hospitalizations
Patients with ADPKD underwent a mean of 13.6 treatments per month overall, or 10.7 treatments in months 0-2, 14.2 in months 2-29, and 14.1 in months 30+ (Table 2) . Mean treatments per month for patients with ADPKD were higher in all time intervals compared with control patients. Patients with ADPKD had a mean overall rate of 8.6 hospital admissions per 100 patient-years, corresponding to a mean of 9.9 in months 0-2, 8.4 in months 3-29, and 9.2 in months 30+ (Table 2) . Hospitalization rates were lower for patients with ADPKD compared with controls in all time intervals, and were the highest in months 0-2 for both groups.
Comparisons stratified by primary payer
Compared with the overall analysis, similar findings were observed when patients were stratified by primary payer (Medicare insurance vs other primary insurance). Specifically, demographic differences between patients with ADPKD and patients in the control group were similar to those seen in the overall analysis cohort (Table 3) . Additionally, consistent with the overall analysis, mean dialysis treatments per month were higher at all time intervals for patients with ADPKD vs the control group, irrespective of primary payer source. Hospitalization comparisons were also similar to the overall analysis, although modestly lower rates were observed among patients with ADPKD with Medicare insurance compared with those with different primary insurance (Figure 1 ).
health care cost analysis
Total health care costs for ADPKD were high at US$4,254 PPPM (combining means of US$3,517 for Part A, US$472 for Part B, and US$265 for Part D costs), which translates to US$51,048 PPPY (US$4,254 PPPM ×12 months) based on the overall analysis (Table 4 ). Medicare Part A costs for patients with ADPKD were approximately US$3,517 PPPM overall or US$4,961 (0-2 months), US$3,088 (3-29 months), and US$4,595 (30+ months), and Medicare Part B costs for patients with ADPKD were US$472 PPPM overall or US$636 (0-2 months), US$429 (3-29 months), and US$987 (30+ months). Both total Part A and total Part B costs were 
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End-stage renal disease in aDPKD lower for ADPKD patients compared with control patients for all month intervals. Medicare Part D prescription drug costs for patients with ADPKD were US$265 per treatment PPPM overall or US$325 (0-2 months), US$222 (3-29 months), and US$564 (30+ months). These costs were lower for ADPKD patients compared with control patients over months 0-2, 3-29, and overall, but not at 30+ months.
Discussion
The results from this study demonstrated high total health care costs (US$4,254 PPPM; combining Part A, Part B, and Part D costs) for ADPKD patients. Based on the overall analysis, this translates to US$51,048 per patient-year. 17 and combined costs for patients with CKD, excluding those with ESRD, were US$22,348 for Medicare patients $65 years and US$16,086 for patients aged 50-64 years in 2011. 18 The pattern of findings for demographic data, dialysis-related utilization, and hospitalization rates was similar between the overall analysis and stratification by payer type, indicating health care resource comparisons can be made using Medicare costs for the two cohorts. Total health care costs were lower for ADPKD patients than for control patients on dialysis. Demographic differences in the ADPKD vs control populations may have contributed to the lower overall costs seen for patients with ADPKD, as these patients were generally younger, had 
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Brunelli et al a lower Charlson Comorbidity Index, and had lower rates of comorbid conditions, including diabetes, heart failure, coronary disease, and cerebrovascular disease. A greater proportion of patients with ADPKD started dialysis using an arteriovenous fistula for hemodialysis (31.5% vs 14.2%) or were on peritoneal dialysis as their first modality (12.2% vs 4.0%). Although costs for patients with ADPKD were high, the implication is that these differences resulted in lower costs compared with hemodialysis through a CVC, which was more common among non-ADPKD patients. It is possible that these lower-cost dialysis methods were used by patients with ADPKD because they often have a longer lead time to prepare for dialysis than patients with ESRD of other etiologies and because these patients have more experience observing dialysis due to the familial nature of the disease.
The data presented here highlight dialysis-related costs for patients with ADPKD, as well as the time course over which these costs are incurred. There are several limitations with this study, including those inherent to any retrospective study. Specifically, ADPKD was defined through ICD-9-CM diagnosis codes from medical claims for services, therefore, errors in coding claims may have resulted in some patients 
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End-stage renal disease in aDPKD with ADPKD being incorrectly identified as CKD controls or vice versa. Similarly, the accuracy of Medicare claims is not guaranteed, and therefore, general errors in coding claims may have affected the data. Additionally, costs are representative of only Medicare reimbursements and do not reflect commercial and other payer costs. This limitation was especially important in this study, as two-thirds of the ADPKD patients included in the study had insurance other than Medicare; however, the two patient cohorts were stratified and analyzed by payer type to address this concern. Finally, the LDO database is a unique source of information from a dialysis provider that captures the care that is provided directly to patients; however, the data set has the limitation that it cannot comprehensively capture hospitalizations (especially cause-specific hospitalizations) and oral medications. Estimates suggest that the LDO database has approximately 80%-85% specificity in capturing hospitalizations. Patients are scheduled for dialysis every 48-72 hours, and because most hospitalizations will result in a treatment absence, a hospitalization is discovered in this manner; additionally, database processes exist to capture hospitalizations not resulting from a treatment absence. This hospitalizations limitation does not apply to the Part A cost data included in Table 4 , which were based on claims data. In the case of oral medications, information can be obtained through linkage to Medicare Part D or to the LDO's in-house pharmacy, both of which can lead to selection bias. ADPKD is a leading cause of ESRD, 2,5 with a large proportion of patients with ADPKD progressing to ESRD. 6 Understanding the characteristics of ADPKD patients diagnosed with ESRD and investigating the costs associated with the disease is important for payer awareness. Health care resource utilization and costs for patients with ADPKD who progress to ESRD and require dialysis are high. Patients with ADPKD are generally younger and have fewer comorbidities; therefore, therapeutic interventions that can prevent or delay the progression to ESRD and the onset of dialysis may have the potential to increase dialysis-free life for patients with ADPKD, as well as reduce health care costs in this population. 
